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FOREWORD 

Tho development work described herein was conducted by Life Systems, Inc. at Cleveland. OH under con- 
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Wynveon. Tho technical effort was completed by Dr. B. J. Chang, S. Czornec, R. W. Ellacott, J. 0. Jessup, 
Dr. J. B. I antz, F H. Schubert and Dr. R. A. Wynveen. 

The contract's Technical Monitor was Mr. Nick Lance, Jr., Crew Systems Division, Lyndon B. Johnson 
Space Center, Houston, TX 77058. Tho Contracting Officer’s Representative was Mr, Farris Tabor, Lyndon 
B. Johnson Space Center, Houston. TX 77058. 
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SUMMARY 

Many regenerative environmental control and life support subsystems use and/or produce combustible gases such as 
hydrogen and methane in the process of controlling and regenerating the composition of spacecraft atmospheres. The 
escape of such combustible gases from any such subsystems could present a safety hazard if not detected. In response to 
the requirement for an Improved combustible gas r-'-^sor that would also eliminate the need for frequent manual calibration, 
a sensor specifically applicable to hydrogen sensing was developed under Contract NAS9-14658. Two preprototype Triple 
Redundant Hydrogen Sensors with in situ calibration were supplied to NASA JSC under contract NAS9-1 6065. The present 
contractual efforts Investigated the applicability of the preprototype quality hydrogen sensor for methane sensing and deter- 
mined what design adjustments were necessary to provide for the sensing of both hydrogen and methane. 

Application specifications for the methane sensor were assembled and design guidelines, development goals and evalua- 
tion criteria were formulated. This was done to provide a framework to evaluate sensor performance and any design ad- 
justments to the preprototype sensor that could be required to provide methane sensitivity. Good response to hydrogen was 
experimentally established for four hydrogen sensor elements to be later evaluated for methane response. Prior results 
were assembled and analyzed for other prototype hydrogen sensor performance parameters to form, a comparison base. 

The four sensor elements previously shown to have good hydrogen response were experimentally evaluated for methane 
• response in 2.5 % methane-in-air. No response was obtained for any of the elements, despite the high methane concentra- 
tion used (50% of the Lower Flammability Limit). It was concluded that the preprototype sensing elements were insensitive 
to methane and were hydrogen specific. 

Alternative sensor operating conditions and hardware design changes were considered to provide methane sensitivity to 
the preprototype sensor, including a variety of different methane sensing techniques. Minor changes to the existing sensor 
elements, sensor geometry and operating conditions will not make the preprototype hydrogen sensor respond to methane. 
New sensor elements that will provide methane and hydrogen sensitivity require replacement of the existing thermistor type 
elements. Some hydrogen sensing characteristics of the modified sensor will be compromised (larger in situ calibration gas 
volume and Hg nonspecificity). The preprototype hydrogen sensor should be retained for hydrogen monitoring and a 
separate methane sensor should be developed. 

A technique to convert the preprototype hydrogen sensor to a methane sensor was established. The methane sensor would 
be based on the use of modular, catalytic combustion-type sensing elements with known characteristics. It was projected 
that modifications would provide both methane and hydrogen response with the needed parametric performance, little 
change In the sensors' external configuration, weight (plus 5% ) and power (plus 1 W), and rninimal changes In electronics. 
The modified sensor concept can readily accommodate modified elements that are resistant to catalyst poisons (such as 
vapors of silicone, sulfide and lead compounds) should this feature be required for spacecraft application. 

Very linear methane response was demonstrated for sensing elements of the type established for the methane sensor con- 
cept. The hydrogen response for these elements was less linear (3 % full scale calibration point scatter from a least squares 
line) but adequate for warning of hydrogen gas hazards. The prospective methane sensor should probably be calibrated 
using methane gas, versus hydrogen, due to potential differences in relative hydrogen and methane sensitivity that might oc- 
cur with time. 

It was projected the needed design changes to convert the preprototype hydrogen sensor to a methane sensor can be im- 
plemented with a high probability of success. It is therefore recommended a Triple Redundant Methane Sensor incor- 
porating the conceptualized design modifications be developed and parametrically evaluated, that techniques to in situ 
calibrate such sensors with methane be investigated and that, optionally, microprocessor-based instrumentation be 
developed for signal conditioning and in situ calibration of the sensor. 


1 


Ofe Systems. Jnc. 


ACCOMPLISHMENTS 

The key program accomplishments were as follows: 

• Assembled a Triple Redundant Hydrogen Sensor (TRHS) performance base for hydrogen sensing 

• Established the baseline TRHS is a hydrogen-specific sensing device insensitive to methane and should be retained as 
the sensor of choice for Hg monitoring 

• Projected that the TRHS can be converted to a T riple Redundant Methane Sensor (TRMS) using catalytic combustion- 
type sensing elements with: 

—Little changes in TRHS external configuration and <5% change In weight 

— No changes in the in situ calibration WVE or automatic calibration electronics, and no increase In calibration time 
— Minimal changes in signal conditioning circuitry and subsystem power (from 19 to 20 W) 

—Sensing elements having established characteristics 

• Experimentally demonstrated the type of catalytic combustion sensing element projected for use in the TRMS concept 
has the needed sensitivity and linearity. 


INTRODUCTION 

Many regenerative environmental control and life support subsystems use and/or produce combustible gases such as 
hydrogen (Hg) and methane In the process of controlling and regenerating the composition of spacecraft atmospheres. The 
escape of such combustible gases from any of such subsystems could present a safety hazard if not detected. Prior 
methane or combustible gas sensors have exhibited characteristics such as poor repeatability, poor response and recovery 
time and position sensitivity that make them unacceptable for spacecraft application. The frequent and time consuming 
calibration of these sensors is also undesirable. 


Background 

In response to the requirement for an improved combustible gas sensor that would also eliminate the need for frequent 
manual calibration, a sensor, specifically applicable to Hg sensing, was daveloped under Contract NAS9-14558.d-3)Two 
preprototype sensors with in situ calibration were supplied to NASA JSC under Contract N AS9-1 6065,<^>as shown in Figures 
1 and 2.<®> It is ultimately desired that sensors possessing these capabilities be able to sense methane as well as Ha jmd to, in 
the future, be able to differentiate between the two gases. It was the purpose of the present contractual efforts to investigate 
the applicability of ttie preprototype quality Ha sensor for methane sensing and to determine what design adjustments were 
necessary to provide for the sensing of both Ha and methane. 


Objsctives 

The objectives of the program were to investigate the suitability of the Triple Redundant Hydrogen Sensor (TRHS) for 
methane sensing, to determine by analysis the design adjustments to achieve adequate methane response or improve 
response and to pi oject the effects of design adjustmc. nts on Ha sensing ability. It was the intent that the design adjustments 
could result in a sensor that is effective for defection of both Ha and methane. 


Program Organization 

The program Life Systems followed in meeting the objectives of the proposed contract consisted of the four tasks summa- 
rized below; 

1 .0 Obtain a current baseline performance of the Hamonitor's sensing elements In Ha.<‘’> 

2.0 Determine Ha sensing element response to methane. 

3.0 Determine adjustments needed to Ha sensing element design to enable methane sensing. 

(1-3) Superscript numbers in parenthesis are references listed at the end of this report. 

(a) Hydrogen Sensor Calibrator shown Is Life Syste.ms’ unit with upgraded packaging. 

(b) The Ha Monitor employs triple redundant Ha sensing elements in the sensor portion of the monitor. 
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" ABLE 1 PRELIMINARY DESIGN GUIDELINES LIST: METHANE MONITOR 

1 wtMgru volun)t» tinil 

j Ini iMpvw.itt* vvht»n* tH'OfU>mic\illv pf*K'tK *il 

i\ v\ht»fi» no\ tH'onomiiMiiv hu! establish s*eps to tn» taken to attain proiected flight si/e (weight 

volumt» and power) 

Mmimi/e »*\perHlat^U»s gOiil is to ft»quire nont» or tiave those rieeiled bt» regenerahU* 

< Avoivl tiuii* or eorrosivt* i h(»mii als n rt'guired (1) incorporate fail safe packaging ar>d (I') ensure risk free disposal 
m»‘tfUHls are ir)cv>rporat»\1 

•) Avi'iil priHiui'tion o la.Mulous g*iseous ciMit.iminants if *'ssential (1) incor^X'rr.de fail S4de reti'ntion design ar)d 
(.') nv.olvo how dispi^sal will tv* fiandled (t' g vi»rit to catalytic oxidi/er ru»utrali/e absorb) 

h Use ‘.tarulard i i>mmemal matt*rials and parts to fullest extt*n! ^x)ssible to s*ive devt»lopment time cost and the 
rus'd for extensivt' test ng \o provt' reluit' % 

t> Inv orporafe teefmigues wfiich will result in »» monitor wfiose performiince is charactt»ri/ed by 

a NMisitivitv on\\ to rnetfiant' or nuMhant' arsi hydrogt'n * 

I HMsIom fri>ni intiMfertMu es u' 0 tr s'e i*ontaminants) 

V' Meiial>le per formanct' 

to aci omplisfi tfu’ purpi>se i>t tli»' monitor without r»xct'ssivo ri'sir ictions concerning »^plicability .tnd to 
cari\ out its funv'tion cor)tmuous:v fi>r long un.ittt*ndt\1 pencils cf tirix' 

Avoid si ritMuied maintenance lnci>rpor 4 ite str.egfit forward in flight unscheduled maintenance features Repair 
t>V ft'l’lai t*meru iif system st'fisor (line repl.ici\it)le unitloi instrumentiition printed circuit cards (line replaceable 
component) shall t'l* permittisi 

h Pf'ss;n in acv ordani-e vMth automatic fault dt'tection arid isolation requirements 
'\iH'licat'le to a Space StatK>n s dt'sigri guidelines 

\a) I atti'' will prol\it>ly ru^t tn* pi'ssiti!<» smct* siMismg eit'meiM sensitive to methane will probably bt' sensitive to other 
comt 'ustftile gases 
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TABLE 2 PRELIMINARY METHANE MONITOR GOALS 


Performance Goals 

1 

( tion I imi? 

•1 I ifUMMty 

*' Ai cur.u y 
r Ontt 

/ f^»-sr)OfV.r T ifTH* 

,il 

[ fVvifonmfnt«il ()f icjin 

10 Vt*nling 

1 1 C'.0,ilv‘.t S«*nsitivity 

1 ii' ACtiVt* C'OOlif'Kj 
1 Touc h I emp«*Mtur<‘ K (f , 

Operation Goals 

1 W imiup I ime 

? Sicjn'i' Oiitput 

^ S.imril(‘ f-ic'quirt'nir )t 
Aif Susr')(‘rHl»*c1 Sol 111'. 
Vcntiliition R.iti* 

Temper afurt* 

Pressure kP.\ (psi.i) 

4 e)perutmg nvironment 

Materials ot Construe. lon 

tS Nonmetiillic Materials 

/ [ vpenOat^les 

H (iravity 

0 Cc lit'ratiori 

to S.impling 

1 1 Uniittt‘n(1e0 (Tlr^'r.rtion 
1.' leakage 
1 ^ Noise I evi'l 


Dtp .’S', Man <ne!fi,irie in ,jir 

0 1 (1 OUOrH^m) 

± . ot tull SI tllt‘ 

it. ot tull sc ale ’ 

t . ot tull scaU* (With Iineari/»U) 
t 1 ot tull scale in .'M tiours (non-curnulative) 

1 ast (e g 1 rninute to n of fmtil value) 

None ’ 

None (e g ti*mperature changes vibration EMI) 

0)irect mettiaru' ptacent 

None 

Noru' insensitive to poisons 
No liguiO or air coclir^g neecleO 
<:L^2(120) 


Nom^ (less t*'* in 1 mm) 
0 to b VOC, ‘j mA man 


Compatible with tiltereci air 
St'e Table A1 1 item 8 
See Table AM . tern /a 

101 (14 7) See Table At 1 item 1 tor tolerance 

Set' Tabit' AM tor temperature pressure relative hurTiidity range (item 7b) 
f’er NASA NHH 8060 1 and SE:-R-()006A 
Pt'r tme No CSD-SS-012’" 

Nont' (or t'asily gent*rated) 

O to 1 Ca plus launch conditions 

Needed intregcjently and easily done (o g automatic m situ calibration with 
<uito 7t'ro and auto span) 

Continuous (vtnsus batcti) on-line — no data gaps 

9v) cLiys 

None 

None 

— continued 


(A) Triis Will t>e ,i. comr^lisried t^y ttii' incorporation ot i linearizing circuit into ttie electronics 

It)) Aittiougt) It may be dt'sir.ibit* to dittermti.ite ('•t'tween H and methane' (other combustible gases) Reaction to CO 
may be considereil an interference 
(C) In Appt'ndix 1 

(d) A Masti'r LiX] Of NonrT)eI.illic M.iti'rMls will not be prt'pareo 
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Table 2 — continued 

14 I None 

1 b A^)pl.( In immediate vicinity o\ CO. Reduction Process 

U) VenttMj f'frxjucts Non rioxious gases 


Operating Feature Goals 
1 Autorn,ited Startup Shutdown** 
r* Autorn.dic Calculation 
i A( cept (Command Inputs ' 

4 T r.insrnitt.jl ot Status Indicators *' 

b Autoprotr*ction * 
h I ault ()ett*ction ' 

/ I ault Isolation * 

H \ ail S<ite 
g Cn'W T irni* 

Packaging Goals 
1 Cors'u^ur.ition 

.* lout 

3 * Mtjility 

4 Sensor Loc.it ion 

b Low fbice 

Wt*i Kg (It)) 
a Sensor 
h Lli‘Ctronics 

/ Volume (JrTi (ft ) 

8 P.iCKaging Dt^nsity Kg/dm (Ib/ft ) 

n NurT her ot Line^ Connf»ctions 

10 Power 
a AC 
t) OC 

1 1 F'leliat)ility 
1.' Av.iilahility 
1 3 Shelf I .fe 
14 Operating Lite 
1b Structural 


k/ 'Dually or electronically initiated 

Methane concentration 

Initiation of operating mode transitions 

Parameters measured, operating rnoce and operating mode transition 
underway 

Reiect incorrect commands 
Detect monitor failures 

Di5>play codes identifying incorrect commands or component causing 
shutdown 

Automatic Shutdown 
Less than 1 hour/month 


Self-contained with electronics able to be packaged with ARS 
computerized instrumentation 

Direct Concentration 

Direc» front access tor LRU (Sensor) and top for LRUs tpi inted circuit 
cards) 

Flexible depending on subsystem Sv^lections 

$2,000 to J4 000 per system 

Ob to 1 8(1 to 4) 

0 1 to 0 2 (0 2 to 0 4) 

0 4 to 1 6 (0 8 to 3 6) 

8 b to 3 7 (0 3 to 0 1 3) 

0 b (30) 

0 

10 to 30 watts 
0 

10 to 30 watts 
0 9999 

99 9% of time/90 days 
10 years 
b years 

Shock and vibration resistant 


(. 1 ) A t)en«*fit of being microcomputer-based 
(b) Gas or lu^uid lines 
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•^ ABLE 3 DESIGN EVALUATION CRITERIA LIST: METHANE MONITOR 


Essential 

Must \A/OfK/(J0 ttU‘ )Ot* 
f .III ( )pi*f,ition.il/l (III Sdft* 

Quantitative 

S«*rv>uf MiM(j 
lnstfufTn*nl(ition 

Avi*f(U^r Power 

f’lsiK f^owiM Ci*nnot hi* used tor any other needs 
L ;ght Side Orny Power 
VolurTu^ 

Oirnerisions 
lieat [^election 
f^eliat)ilitv 
M,iint.iin.it)ility 

I in»* F'tepiacedbk* Unit 
L ;ne Replaceable Coriiponenis 
(aew Time fiequift*d 
[ (iuivalent Weigtit 
I spendable iUju? F^ate) 

Numl:)er of Interfaces 
Number of Connectio.'s (Gas) 

Number of Connections \Liquid) 

F^esupply Volume (90 days) 

F^esupply Weight (90 days) 

( )♦ velopment Cost 

H.ardWciie Cost - Initial and Operating 
Training Cost 
Inventory Cost 
Stowage Size F^equirements 
(Size = weigfit power vo! >me) 

FkessuriZ(*d VolurTie Ne '* '*d 
F^atioof f-ixed to Variable Weight 
Noise Correction Penalty 
F Ml Noise 


Qualitative 

Safe:, 

Leakage PotenticJ 

ContcUTiination Potential (Reagents Waste Products) 
F- leMt)ility 

Mission support range of missions at early date 
Operational 
Grcwtfi Potential 
Duty Cycle (continuous or cyclic) 

Ability to Start Idle (Stand-by) and Stop F-requently 

Complexity 

Modularity 

Commonality (of Components, functions) 

Shelf Life 

Operating Life 

Ground Operations Needed 

Data Recording/Reducticn/Storage Needed 

Special Lquif'ment Needed 

AppliCcjble lO Automation 


TABLE 4 HYDROGEN SENSOR IDENTITY 


TF^FLS 

Seririt Numt/er 


Disposition 


01 Characteriz(‘d and then supplied to and retained by NASA 

0? Cnaracterizt*d. supplied to NASA and then returned for present contractual effort 

03 t ndurancf* tested at L ife Systems 

04 Lnduiance tested at Life Systems 
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imPlf RH)UNDAM H SENSOR (TRHS) 
CHAMACTFRI7ATION INDURANCE TEST 
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TABLE 5 TRHS FiRFORMANCE 


l\if 

C iOiil 


f^«‘()fo0uv l>ilitv ’ f ul' Si jlo l^i'.pliiv ’ 

1 \V'*iti(>n S^'fisitiv itv 0 iill If 1 U' .imO A Ki.il IU’)-.i!;ofi) ’ t uH Si .il«* 

t 0 

♦ . ’ 

Ifi Aif 

± \ 

<0 S 

M 

t 1 

vO f) 

1 i!v 1 u)l S>i .ill’ 

1 0 

1 0 

f^r .pOf'-.. 1 imt‘ (ti'' *U)‘' i' ot V.illiT) SOI 

vS 

V 4 

f<»vovi*»v 1 tftio (to - ot V.iluo) '.or 

V.dO 

4 

M.i rlnu* St.it)ititv 



/»*fO 1 dit! (If « A f) f ull Si .iiirVf 

Sp.in Pf ‘t (Mo.imjioO wittu) !)' . M S.ifTipIo) f ull Sr.ilo'dO il.ivs 

'> 

4 . 

1 

1 

0 

Mh Sofv.itivitv UHof »ho .’i'» /IV' MM) ‘ t ull S>r.ilo/‘ 

0 Of) 

vO OS 

toiTiprf.ituM' Sofisitivitv Pv«‘f ILingo ;P 1 K (SO 1(H) 1 ), V- t ull Sr.i!o/K (O. \ ull 



Sr.ilo 1 1 

0 OS (0 o:m 

^0 OS (0 o:v) 

1 >Mti v'»onsiiiv itv l(u uMso in IHspl.ivoO M Ponrontr.ition .it / (> m/mm (OS tt/rninl 

10 

() 


(.0 c onsulrMui sjnn* j > lifu\ifitv 

d') H« *r« sunplv f uH Sc'iiU* f ull Sr.tU* is to t>t' 2% M . 

(I ) < fi.inijt' m s»M)sor oiitpu! ('xclusivt* of /ofo Out' to m r^^itivity losso‘; (d ttu' si'nsing oU'nivMit 



Displayed H 2 Concent rat ion. 



liiiminini 


inniHHini 


lUitim: 


»*»••••••••••••••••• 




S/N 04 Before and After 19 Mos Operatton‘aMOpen 
and Black Symbols. Respectively) 


Channel 1 


Channel 2 


(a) Curve measured after 6 mos Subsystem 
storage and rohool. jp 

(b) Uncertainty exceeding plot symbol 

width is indicated by ai <on a plot 


Sample H 2 Concentration, 


FIGURE 4 TRHS RESPONSE CURVES 
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OF HCu 


, ▼ Channel 3 


S/N 02. Before Shipment to NASA and After 
Return from NASA (Open and Black symbols. 
Respectively 


<> — , ♦ Channel 1 
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It WHS conclud»‘(1 the exptnifTientHl H response of tt^ese sensors would provide stable consistent data points against which 
to compart* t*xperir7iental methant* r(?sponse 

T ht» pt»ftormance baselines assembled were needed both as a background for any TRHS design adjustments that might be 
rt»quired to (*stablish adequatt* response to methane and as a base tor comparing the effects of any such design ad 
)ustn*ents Ixcept for draft sensitivity direct experirTiental data was available for each parameter of contractual interest 
T tH*y rt»sultt*d from prior contrac tual efforts or Life Systems Internal Research & Development (IRAD)act'vities Draft sen 
sitivity was (‘Stiriiated based on an analysisof some indirect observations Tfie prior performance results are summarized in 
T<it)le h. presentc'd grapfiically in A()peridix c* (Figures A2-1 to A?- 12) and discussed below 


Linearity and Reproducibility 

T tu* presented Imearitv of Hie T HHS refU*cts the worst case deviation from perfect straight »ine output versus concentratior^ 
resporise f^eproducibiliJy refk'cts the ability to re*produce such TRHS response characteristics with different sensors 
Tfiest* two quantities can t>e consicler.*d togetfun as the largest deviation range from a straight line drawn through th(* 
calibration dtita points for rTiultiple sensors 

\ igure A2 1 sfiows a combined linearity tjnd reproducibility plot based on the calibration curves for four TRHS units (S/N -01 
througfi S- N 04) Trie worst case deviation from a least squares straight line drawn through the data pomts wasO 032% H 
or 1 h°/p of full scale 1 Ins is good linearity considering triat it is within the analysis precision limits of the calibration gas used. 
± 2 rt*lativt* wriicti Wiis tr*und to tie tfie bt'st precision normally available for H -in-air mixtures 


Position Sensitivity 

T tu* tt*rrestnal position sensitivity of a 1 RHS is caused by gas convection currents in the vicinity of the sensing bead, which 
will vary witti gravitational forc(?s The TF(HS will be subjected to varying but minimal, gravitational conditions within a 
sp.icec raft prirncUily during ttie transition betwt?en launch and orbit The terrestrial position sensitivity of the TRHS must be 
minim. il to ensure re.idmgs art* not dependent upon how an operator installs the unit As shown in F igures A2-2 A2-3 and 
A.* 4 Uu* position sensitivity of a I RHS fiOcid is nil tor rotation about both its axes w'hen measured in air and 0 5% H^-.n air 
atmospfH*r»‘ 


Response Time 

Should a ‘.pat ecraft Ft lea)» caust? ratiid accumulation of this gas in the surrounding area, it is imperative that the TRHS 
r*-'.j)onM' tirn(‘ t>«* r.ipid so Uie H c.m be det(‘cttnf quickly and remedial measures can be rapidly implemented (e g , shutting 
down H gt'rierating or usiru) sutisysterns arid increasing \hv air circulation) 

To nuM'Uire n sponse times for tfie TRHS the sensor head was mounted in the side of a test chamber with the flame arrestor 
flusfi witfi tfie insidt* sur t<ice T fie sen^^or was isolated from tf a chamber atmosphere by a rubber plug This chamber was 
tfien purged witfi a 2‘ ft in-air mixture' The plug was rapid!/ rerTioved (a step exposure to the Hp. within e g . 0 1 sec) and 
tfn' <iri,ilog voltage output of the sensor was recorcjed versus time from the precise moment of plug removal As shown in 
F igure A2-S Uie rt*sponsi* time was rapid, less than 4 sec to 90% of final value 


Recovery Time 

Onct' remedial .ictiori conct‘rrnng a Ft leak is completed, it is important that the TRHS rapidly recovers to indicate if the 
rrduc tion in H concentration occurred To measure recovery time, the analog output from a TRHS was recorded from the 
prt*cise riionit'nt at wfiicfi the sensor was removed into H -free-air from a test chamber containing approximately 2% H-. (a 
•.lt‘pcfi<inge (* g within 0 1 sec) Th(‘ results in F igure A2-5 show that recovery was also rapid, to within 90% of the sensor s 
output in air in -1 sec 


Stability 

Instrument /t*ro o: baseline, stability affects sensor accuracy As F igure A2-6 shows, the zero stability of three separate 
preprototype sensing elemt*nts ( equivalent to the outputs of three separate sensors) is very good Also, the S/N -03 displayed 
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iMM’lifh'Output in.i't Wiisc^nly 4-00. H mofithsot st»fvk t» dncJ tor S*N 04 ♦OOl'^oH dilor i^monthsot sorvici* 

Intt'fim flue tu.ltlor^^^ ru)t routmoly rr- \if0t*0 wt*M‘ tyt)K »illy witM.n Itu* fdngt* 0 00 to 0 0.’ ' u H 

Spori st.it'ility fi*ti»*i ts ttu* .*t>ility (»t tt\o 1 tntS to t (vrtH tly ifuJic ati* H. cont t»ntfalions wittio'it in situ calihration attt»r oxtofHlt»o 
^^•n^.of cH'<‘'*0iof) Avt'fugt* 0Mtt^, in 0isp‘.wt*0 tt v ofU t*nt'.0iOf' vy»‘ft» 0 OOS‘^o H L\0 Oays tor \ iguro A.' / ittmM' stvisorsi. 
0 014- tt U)(l.iys tor f igun* A.’ HOturi* st*nso(s).ifu1 0lH)4^\ M /.U)0i^y^> tor ( iguroAO 9 also Jist ussion ot t iguu* 
4 I tti»* proviou^. SOI tiori ) 


Relative Humidity Sensitivity 

1 tio folativo tujmiiJilv (MfOot ttio spa^ tu rat! atrnosptuMo will normally v.u v tH'lwt‘t‘n cipproximiili»ly JO'’, to /O'* o T tu» iihility 
ot itio I t.s li> ft‘lial>lv irulu ato H i i)ru i‘r-,tf at.ons m itio i at>in atrrH)sptrort> must riot ht' compromis»*c1 Py tiu»st» fUt v.uui 
tioris As f i 0 iir»’ A.' Ut stiows no signitu ant 1 HI IS Ml I sonsitivity t*xists ov(*r tins rango ot MM valut's 


Temperature Sensitivity 

I ao trmporaturo m tri»* sjMv oi ratt oal>iri will Vviry p» g ovtM *i rango ot OOl to .'9/ K to /f< I I It is imi>ofttint tti.it such 
tompoMiuro variations ausi' rio signit'C. ml Of fofs in IfPlS rtv;ponst‘ A^> I igun' A.'’ 11 stiows ttio TMHS is t'ssi'ntially 
lomt><*»aturt* ins»*nMtivo ovor at loast a .'OS tc> k 0'‘9 ti> /M I ) tt'mpor atuu' rango 


Dratt Sensitivity 

In spav ov lat! i at>ins tiwi oO au v'onvov tion it‘pla^ »'s na tur.il ttiorm.il corivts tion wtiicti is not .ly.iil.itiU' in /orogr.ivity ti.) prt) 
vulo tor tioat roniovai trom oiow ariil tiardwaro An .ivoi.ivU' .nr vi'lootv ot / (> m/niiri (.'S tt rinrO is ttuM(*toro irujuct»0 in ttio 
V aPin atmosptiofo !t imtHiitant that sue ti aif uf fonts in ttu* vicmity ot .i TIPIS nuMsuu'mont loc.ition d(i not sigriitic.intly 
I tiang» soris^a io‘;t>onso to 1 1 

! tio 1 IP IS Of atl !.t'risitivitv v\as I'stimatoil as only .i to . ot v.iluo incuMso in .ill Oispl.iyoO H conctmtr.itior.s .it a / m/min 
tt mm I a If v«‘loc!ty asstiowr. m I igun‘ A.' 1.' 1 tiir. tmijoc turn was l\isoO on otisorv.it ions Our mg .i prior conti.ictu.ih'ttort 
Im foastsi 1 IP o; ' t‘»isitivitv P.iil I'oon ns anOt'O Oufing (ijuMation ot sm.ill tans m ttio vicinity ot .i [irt'prototvpt* stmsor tio.iO 
v\ tti voUnstit's I't ttio aif nuntMiu'st Ouo tii ttio t.ms ostimaloO 


HYDROGEN SENSOR RESPONSE TO METHANE 

A pnmar y (iti)Oi ii\o ot ttu' pfogr.im was to Oi'tomiint' ttu' pott'fitial o\ ttio exist ng T fPtS to pertorm as .i mettiarit' sensor 
I tiiMt'tonv n'spofiso to !>• . nii'ttiafU' in .nr w.is OiMt'miinoO tor tlit' s.iriie tour f RMS t‘lenUMits tor wtiicti good H ■ rt'sponst' 
V tiaMv torl^;tll'^. tiaO t>oon iirt‘viously ost.itilr;tioo (st'o MyOrogon Si'risor H.ist'line fVrtormance section) Ttie TRHS test 
• tano 0 igurt' .0 w.is usoO tm Itsv.r nnsisuft'iiu fits 

All touf IHHS t‘li*niont^. woft' tounO to tn* msensitivo to m«‘triant' Hi'C.iuse 0 to’o is .i tiigti nuMharu' concentration (ttie 
ti'gtii'st tiottli'O gas m xtuu' corn ontr.it.on ctmiriuMc'i.illy .iv.nl.iliU' .ind ot ttie Lowt'r [ lammahility Limit (Lf L ). it w.iS 
I'Ofi luOoO ttit' oxl^gmvl I HI IS 0('s>ign is ins<‘fis!tiv»' to nuMh.ini' .inO is H sptH itic 

I lyOrovjon siM\ iticitv IS .in .lOv.intavjt' tswuist* ttie T IP IS c.in tn' usiHi in ('omhin.ition witti a genof.il comhustihle gas sensor 
losponsivt' to lH>tti motti.i'io and 1 1 to dl^ 4 lngulstl w'tncti ot ttu'se two g.ises is prt'sent m ttu* monitored atmosptiere 
Mowovor a son.sof rospiM'sivt* to nu'tti.ino is.iL»o not*dod .ifid di*sigri .idjustments to ttu* TRHS to provide mettiane stmsitivi 
tv afo roguifovl I’lv^sil'lo ctiafujos .md ttu'ir t'tti*cts .ifo ( onsidert'd in ttie next two sections 


PROJECTED EFFECTS OF POSSIBLE CHANGES TO HYDROGEN SENSOR 

An ovalu.ition iP what .id|ustmonts migtit tu* ruu*dt*d to ttio st*nsor or sensor t»lement design .md operating conditions to 
.iv fitovt* .m .id«*itu.ito iif imp'ov**d output n'sponse to nu*iti.int* w.is compUMed V.irious option.il approaches to moditying 
th»* I IP IL^ vlt sign a'ui opor atmg condituvu; wt‘ft' I'v.ilu.iti'd T tu'st' .ifo discusstul on ttie tollowing p.iot's 
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Design Changes 

C'h.ifHji's ot th«* I !ht‘ s(*nsof iV.ii th<» .-^f'nsof Piemerit typt* wi're evHludted as possible ways to profDOle 

M-nsitivilv in ttie IfUlS 


Catalyst Changes 

1 lir pron»c t . etteris of ttit* tolk^wifHj i alalyst rh.ing<*s wtMe tw.ilu.ited tor the existing th«»fmistor bead sensor design use 
of a fiKjhtn surtact' art»a c at.ily.>: tv'. t*nti.eu't‘ activity usi» of a higher catalyst to binder ratio to reduce masking of the 
I at ilysl sufltU't* and crvivtnsiori to a new cat.ilys! m.itiMial KiCh could enhance inadequate* response of the TRHS to 
m»*Ui.ine I U^wevei >t is- vt*ry unliki»ly ttie first two typt»s of caftiVsf ch.inqes ffit'mselves w(Hjld change nonexistent rt*sponse 
nto ade»juafe lespc’' ,e M,iffu*r if was concludt*d .1 rnucfi fiigfu»r sensor ft»rTipef,iture(discuss(*d subsequently) in comt)ina 
tion witf) ii ‘.uital>le c.ifalysf to oxidi/e ffie ratfH*r refractory meffiant* gas w.is net*ded 


Geometry Changes 

1 tie projei t«uf effects of ffu* following gt»orm*fiy cfi.»ngt*s wt'rt* consKft*rt»d cf^if'.ging tfie fkinu* arresto. geomehy increas 
irui flame ar rector porosity and reducing tfu' ffii*rmistor rti,iss It waspron'Cted tfi«it benef'tsof siicfichar>ges in combintdioi'. 
W'ffi ff'.e exisfiruj ff)ermijaor ‘.t»nsing eU»nu*nts wouki t>»* ru'gligibk* p.uticularly considming th»it tf)e sensitivity of these 
I'lemeaf* \o m»‘!frane v^as dt*monsfrafed to f)e nil 


Sensor Flement Typo Changes 

I r'e projei fevi i*ffe( fs r'lf cfiangiruj tfu* st'nsor ek*rm*nt fypt* wt're considered If was concluded that methane sensitivity can 
l>»* aftameii in tfiis w.iy I xammation of st’veral cJlft'rnafive mt'ffiant* sensing techniques during a primarily Internal Research 
and I )evt*lopm«*nf (If^Al')) effort sfiowi d ft’. » flu* c*if.jlytic comt)ustion principle successfully used in the TRHS would best be 
n‘fanei1 but wiffi rTiotlific.ifions to provide* aileijuate metfune respor*se Appropriate elements utilize high temperaiure 
^ ♦•ramie l>eads instead of tfierm.stors Tfieir pr*?rtic.il s(*nsitivity is tid(»quate (k'ss tfian 0 1 % methane or H ^) and their 
response is linear ovt*r gri'ater tfi.in W^o of the I \ L rn, iking them su'tabk* for direct reading, analog output instruriientation 
I fu*st* ek»mt*nfs rt'pl.ict* the therr7iistors. but will not eliminate tfu* need for the TRHS as shown below Their characteristics 
will bt* discussed in subs(*qiH*nf sections of this Report in terms of a separate Triple Redundant Methane Sensor (TRMS) 


Operating Parameter Changes 

('tundes in lire IMHS (H^t‘fating iMramett'rs wen* .ilso considt'rt'd to potentially promote methane sensitivity 


Operating Temperature Changes 

lnl'rea^.lrKl tfie operating tt*mpt*ratures of tfu* TFTHS thorrTiistors would definitely help provide methane sensitivity if a high 
onoudfi of)t*ratiru^ tt*mpt'raturi* could tu* obtaint*d However, the normal uppei operating temperature limit of negative 
t^'mperaturt* ciH'tticient therr^iistor tu'ads. as used in the TRh'S is 4 73 K (572 F-). at which their temperature measuring sen- 
i.itivitv wouki tu* cjf «*ativ M'duct'd T fiis is wt*ll below tfie temperature at which catalytic mefhane-sensitive elements typically 
operatt* (t* g ijreatt'r tfian 723 K (842 F ) F vt»n if response ci»uld be obtained at the upper temperaiure limit of the ther 
mistois a modified catalyst would fi.ive to In* incorporated Tfie precious metal black catalyst currently used would lose sur 
♦ai't* area f«ipidly at ffiis ft'mpt'rafure due to sintering 


Operating Pressure Changes 

It IS l>elit*vt*d Ui.if increasing ffie pressure by a small amount (e g . negligible to 34 kPa (5 psi) will not change the sensor 
nontt'sponsiveness I vt*n it kuge pressure inert'ases could result in mothnne sensitivity the significantly increased 
♦ •ijuivalt*nf weigfit pen.ilfy ifi.il would bi* incurred in sucfi an approach (e g . due to the need tor a pump), is considered 
unaffiiicfivt* 
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In pr.ictirt* it is ijt* nihU* thtil s(»nsor rt'sponst* no! i)v pressure sensitive smct* spHcecratt cabin pressures will vary (e g 
t 1 *1 kf\u ± 0 p^,l) non>inal tor the Sp<K'e Station) The pressure sensitivity of the candidate mettiane sensing elements is 
♦ ‘stirnatiHl to be only atXHJt 0 of the reading/kf’a ( 1 /% of the readmg/psia) 


Relative Humidity Changes 

Humid'ty c f)an()t's iirt‘ t'xpectt‘d to ru*gligit)ly iiffect tfie «U)ility of nuMhtine to rt*act with oxygt*n at the sensor bead In prac 
til t* sue fi t'fft'cts would tn* uridt*sirab't* because they would resti'Ct tht* relative humidity operating range of a sensor 
f fowever wahn v.ipor is projected riot to inter ten* with tfie response of *he candidate methane sensing elements considered 
for incorporation into tfii* TRHS, botfi on tfu‘ tiasis of put)lishi»d specificafions for the elements and on the function of ffu' 
MMen»nct» t>ead to conu>ensate for cfianges m tfie tfiermtil conductivity of fht* nonitored atrnosphtne due to variable 
fUirnidity 


Dratt Variations 

It IS i*«P’*( trd an intentiorui! iiraf! in terms of forced mecfiamcal convection of the atmosphere to the sensing elements 
woulil fujrt sensor ri sponst' Sucf) convection weald likt'ly carry more heat iiway from tfie sensing elements than would tie 
gained tiy improvi*d rn.iss ti.insfin of meth.iru' and fiigher reticfion rate, «it an lilready insensitive element Also, an 
eguivaient weigfit penalty for tfu* nitu fianical convection device would be incurred 


METHANE SENSOR CONCEPT 

fCised ("in in.ilytic and intuitive ('valuations and poor t'tforts it was concluded tfiat cfianges to the ex:sting sensor 

eleriH'nts and opmating v'onijitions will not .idd metharie sensing CtJpabiliiy to trie 1 RHo A separate mtdhani* sensing eU* 
nu'nt oust t)(» used 

I'lesign ad|u^»tMlmts to convert tfu' Tf^HS to »i were conceptualized nnd the effects of tfiese adjustments on sensor 

pi'fUMmanci' and i (Mtain operating p.ir,imeters were proji'Cted TfH‘se will now bi' reviewed 

It was projts tt'd tfi»' T f^MS would fiave essentially tfi(* Stime external configuration and hardware as the 1 RMS (F- igure 1 ) 
Rrojei ted fiMUiies tin* listt'd in Tat)U‘ f> C.italytic combustion-type sensing elements available to original equipment 
manufactures (01 M s) would bt* incorpor.ited. sligfitly modified to fit the TRHS envelope Use of such alternative elements 
i'> fiigfilv advant»igt‘Ous tis sfiown m TabU* / Tfiese elements utilize ceramic beads suspended by a fine, but strong, wire be- 
fwtM'n met.il posts versus tfiemiistor txMds mount(‘d directly to a printed circuit board through heavier wire leads, as sfiown 
in f igure s It is p*rojt»ct('d tfiOwO sensing elements could bi* mounted on a printed circuit board of the same diameter as that 
of tfie T f^i IS T ho elenit'nts would be sur rounded t'y a modified but larger volume sensor cavity insert, which separates tht' 
(‘UMTitMits and provides distributor! of Ciilibration gas during in situ calibration of the sensor A larger cavity would be 
und«'sirabU‘ for a since mou' in situ generated H for calibration would be needed This is another reason the TRHS 
sfioulo t^e retaini'd iis a stMisor for ft 

c.fiarai leristics of tfie coiu (‘jitiializi'd If^MS are projected in Table 8 Projections are compared with preliminary design 
g(>als ( Tiitile ?) m T.itiU' 9 

Catalytic combustion type sensor eleriients. such as those considered for the TRMS, have a good reliability record so long 
;s catalyst poisons <ue not preserit < ^‘(See FVrform.ince, item 1 V in Ttible9 ) Lead and phosphorous compounds are unfike- 
Iv to tH' present in spacecraft atmospfieres Silicone and sulfide compounds are likely to be present onh/ at very small con- 
('('r'.triitions. altfiough tfiese fuive not been established as being present for spacecraft Table At *2 m '^Nppendix 1 lists some 
sulfidt' Space Station concentration //m/fsfor several sulfide compounds and one silicone compound However 

tfitvse an' based primarily on toxicological exposure limits and are not indicative of expected concentrations to be found in 
spacecraft Nonetfielcss if required, sensor elomtmts tfiat are generally poison resistant (and specifically shown to be resis- 
tant to silicone sulfide and lead compounds)can be substituted for the lower power (e g . by 2 W). more developed elements 
considered for tfie TRFHS design adjustments (see Tables 6 and 7) 

T fi*' st'nsirig elcmtmtsconsidered for the TFTMS utilize an aluriiina-supportert palladium catalyst, stable at the 823 K ( 1 .022 R 
^^('nslng tx'ad opt'ratmg tt'mpt'rature. instead of precious metal blacks, which are unstable at adequate temperatures for 
mntfiane response Temp*»rature tifid fiumidity variations have little effect on the performance of such elements 


16 


JCifc Systems. Jmc. 


TABLE 6 PROJECTED TRIPLE REDUNDANT METHANE SENSOR FEATURES 

cofTimon.ility with TRHS 

kJenliCvjl contiguMtion 

housing 

Samo WVi cel! (if H used tor c<jlihfdtion) 

S.ifTu flume urre^tors 

F^rinu»(j circuit hoard rTiountmq serising elements still used 
SarTie light gdugc* wiring as THHS (IM gauge) 

No incrt'ase ir) the nurTihfe of wires (nine for the TRHS) 

No c h.rujes in elec tronics Circuits other tfian signa' conditioning (if H used for in situ calibration) 

MinirTi,jl cf)«ing'*s m signal conditioning electron»cs 

Sensing element amenability to ipplication 

fkovi*n predictable performance utili/e available, pretested elements 

Shock and vibration resistance remains to be verified 

Minimal modifications to available sensing elements required 

Minima! increase in subsystem power requirement over TRHS level (projected 5%) 

Minimal sensitivity to cabin pressure variation of ± 1 to maximum 2 psia 
Long lifc?tim(» (over »wo years in absence of poisons) 

Alternative* backup el(*ment types available** 

In situ Ct!ht)rat!On c.ip.ibility 

No increase in tirm*s for in situ calibrationZ/eroing over TRHS values 

f-lec^uired H generation current densities should De within range of existing Water Vapor Electrolysis (WVE) cell 
(e g mA'cm ) and instrurTu*ntation 
Uniform distribution of H to redundant sensors felt retainable 

Manufactur.ihle sc*nsor 

Mactfiriirfg opc*ralions are still miniffti/ed and critical tolerances avoided 
One piece*, injection moldaole sensor cavity insert retained 
Uncomplicated assembly of sensor retained 

f^et.iins f*l sensitivity 

Sirniltir re^>porfS(* curve's for methane* arid hydrogen" 

Acc(*jitat)le changes m H parametric performance over TRHS 

(a) f-leqular ar j /ow power v(*rsions anu limited poison resistant and more poison resistant versions Underline reflects 
vers.on s<*le*cted More poison resistant versions are less developed, hence not selected for primary approach, but 
still excellent candidatt* 

(t>) Quc'stion remains if poisons will impact the methane sensing response at a different rate than the H 2 response If 
so. could lose ability to rely on one sensor for both gases while poison effects remain uncertain 
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TABLE 7 ADVANTAGES AND DISADVANTAGES OF USING OEM TYPE SENSOR ELEMENTS 
Advantages 

1 \ stHt)lisht*d predictable pertoffTiance charactensfics 

2 Mass production quality control capabilities 

a Thousands of elements made per month 
b [ lerTients prematched and pretested 

3 Hugged 

a Designt*cj for use* in min<*s arid around minmg machinery 
b Tested for shock .ind vibration resistance 

4 Can be fit into our existing THHS head and us€*d with our existing WVE cell 

5 AvailaliU^ in lowt?r power (0 4 W each) versions 
b Avoid‘d. d(‘velopment costs/nsks/time 

/ Available as srTiall ass(?rnblies easily handled arid installed 

8 Altern.itive cap.ibiliti(»s pr(,*sently availatile 

a T\'pes av.nl. ihle silicone resistant sulfide, silicone ar d lead resistant 
b Low and high power levels ’ 

c Stability against burn<jut in gas concentrations above the Lower Flammability Limit 
Applicable to combustibU' gases other than methane 
Disadvantages 

1 Sensor design limited to available sensor element configuration This applies particularly with respect to 
in situ calibr.dion 

2 Not specific for methane (see also No 9 above) 


(a) High power levels more sensitive with power difference between low and high types only less than 3 watts 
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TABLE 8 PROJECTED TRIPLE REDUNDANT METHANE SENSOR CHARACTERISTICS 


v>t*nsing i 

Si/»* ((.oritiguf,jtiorg 
Weigru g (lb) 

Mouriting 

W 

St*ns(jr Cavity Volunu* cm (in ) 
Sensing fVinciple 
I me.if fCinge. % CM., in Aif 
OesKjri l^«inge % CHj m Air 
Slof.igr* Temn K (f ) 

( )per,itin(^ lemo fLinge K (I | 


Modified Comm^ 'v^'d' Unit*" 

Applicable to Various Combustible Cjases 
Including H and CH4 
1 6 in Diameter k 2 S in Long 
1 /fj (0 '^8) 

Boss 

1 23 Maximum (High Power would be <5) 
1 53(0 093) 

Catalytic Combustion 
Oto 3 
0 to 2 5 

233 10 328( 40 to 131) 

2bH to 313(2310 104) 


C)pr‘r.itin(^ fVessurt* f^tange kPa (psia) 

SensifK) i U*ment Terrip K (F ) 

Sensor Lite 

t^esponse T mu* (90% of Value), s 
M«*c()very Time (90% of Vali'»?) S 
Spar) Dfiti % F ull Sca'oTAJ days 
[LiSt'linc* [)ritt % Full Scale/yt*ar 

Sensor Position Sensitivity f ull CircU* Radial and Axial Flotation 
In Air /oLullSc«i!e 
In 0 5 r CH4 F ull Scale 

Dr, (ft Sensitivity ■ incrtsise in Displaye*d CH.j Conv.(*ntration at 

/ () rTi/min (25 tt/rnin) Sample Velocity 


101 ± 14(14 7 ±2) 

823(1022) 

>2 Years (Absence of Certain Poisons) 
20(2 5% CH4in Air) 

25 (After Exposure to 2 5% CH4 in Air) 
<2 

4 (Typical) 

± 2 (Typical) 

± 2 (Typical) 

6 


Tempmature Sensit'vity M.jximurn Cfiarige in Baseline over Operating 
Temperature Haru: * f ull Scale 

Prr*ssure Sensitivity of CH.j FTeading^kPa (% of CF-lj F-teading/psia) 
fd( Sensitivity, over ttie TLmge 2b /0%. % f ull Scale/% RFH 

FTepeat.it)ility % Full Scale 
I inearitv % f ull Sc.ile* 

St IOC k Tolm.iru.e 
VitXiition Tolerance 
Fs*'(Jundrint f l,irn» Arrestors 


4 

0 25(1 7) 

Insensitive'^’ 

±2 
± 3 

250 g. 5 Blows Each Plane 

20 g. 24 Cycles from 1 00 to 3.200 Hz 

Porous Stainless Steel 


(,i) Low power preu* .1.0 general combustible gas sensing elements 

(b) No int» rfer(*nce from w.iter vapor is (?xpf*cted for sensor elements to be employed 
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TABLE 9 PROJECTED CHARACfERISTICS VERSUS PRELIMINARY GOALS FOR METHANE MONITOR 


f\*f loffT^afU t‘ 

tion I imit 

4 I int*antv 
Ai ('UNU V 

h 

Mfsponsi* T ifi't 
H t‘s 

*il Of 

[ nvMonfTH*fit»il 

1 ’ C.it.ilyst St»fisi!‘ViIv 

U Ac t v»‘ Cooiifig 

Touch K (M 


CtiW\ 

0 to 1 )"’ ^u»tfi. 4 fu* »n ipf 

C) t (1 0<)0 pi)m' 

1 ' c't full sc all* 

t ^ ‘ 0 of full sc ji«» •* 

t of full sc.iU* lAith ltfu»an/er) 

t t of tijll Sc ,ili* .fi ^'4 hncjfs 
{non < cif.iiilativc*) 

1 «|s! (t' Cj I fTlifHjh* to ' of 
tm.l! v.iluf 

None* 

Nofu* c) ton)pc*fatufr c fKingi»s 
vihration I Ml) 

l')ifc\ i fTirttiano pofcofit 

NO' K* 

None' !nsc‘fisitivt» to po.sons 
No liguid tiif ccx^lifig nooded 


r'rojeetthi At tual 
0 to P S"'o fT),u mothane in air 
• 0 1 (1 0(H) ppm) 

± P®o of full sc alt* 

± 1 of full scalp 
± P ® 0 of full scalp 
1 P® o 0* full sc.iU‘/30 days 

PO spe' to go**© of full s< alt* 

f f.ilogt'n c oftipt^tonds ’ 

Minimal spt' Tat^lp / 

l)'.pc t ftiptharu* ppfci»nt 
NO'H* 

Siliconp sulfuf pfiospfvirous Ipau 
compounds** 

No lic 4 U’d/aif cot)ling np(»dPd 
<PPP(1P0) 


Projpctpd Actual 
Nonp (less than 1 mm) 

0-S VDC, b mA max 

Compatible with filtered air 
Operable at b1 m/min (POO ft/min) 

P08 313(P3to 104) Range 
101 ± 1 4 (1 4 / ± P) Mange 

Humidity insensitive (see above for 
temperature and pressure ranges) 

Per NASA NHB 8060 1 and 
St R 0006A 

continued 

(a) This will Oo ,ic c omplisfic'd by the incorporation of a linpari/ing circuit into the electronics 

(b) ± 3 ’ max witfiout linp»iri/pr Hc'iwcver, ± 1 o was demonstrated experimentally for nonlinearized response of 
mi'tfi.mc' sc'nsitivi' stvisc'ir eler'ner'.ts 

u') Although it may be dc'sircible to differentitite between H . and methane (other combustible gases) Reaction to CO 
m.iv tH' c'onsidPiPd an mtc‘f * -»rence 

(cl) inf^it^it ft'sponse at concc»ntf tdions excetulmg 0 i (unlikely m spacecraft) 

u'l At low ppm ii'viHs Poison ft'sistiif^ elemt»nts can oe substituted if silicone and sulfur levels are m atmosphere head 
and pfiospfiorous compcMjnds not c‘xpc‘cti\l) 


Opt'f.il'on 
1 .Varmup Time 
P S gnal (\jtput 

3 S.mH'ip f^i'cumemt'nt 

Aif SusptMidc'd S'llids 
Vc'fgilation fLitt' ([1ratt' 
I «‘mpc'fatuU' K (I ) 
f'f»“.MifP Kf'a (PSi.i) 

4 Operating i iuifcvmu*nt 

h Materi.ils ot c'c'instructic'in 


None (less tfian 1 mm) 

0 to 6 VDC. b mA max 

('omptdibk' w th filttned tiir 

Sc*i' Table At 1 . itc^m 8 

Sc*c» lathe AM . itc»m /a 

U11 (14 7) Sc'p Table A 1 1, it(»m 1 

for tok'iancp 

Se'e Tat)U' A1 1 fev temper aturr. 
Circ'ssurt' reltitive humidity range 
('tc^m /b) 

Pin NASA NHH 8060 1 arnl 
Sf fT OOnoA 


PI 
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Table 9 — continued 

( )pefciticjf) 

♦ > NonriuMi^llic MattMicils 
/ i Kp<»fKldt)U*S 
H (ir.ivity 

10 S«ifTu;ling 

1 1 Un,itl»*n(1rc1 Ope:.-ition 

^ ^ Noise L evel 
‘J Vit)f<ition L ev(‘l 
1‘ A()pliCtit)ilily 

1 h Ventrj f^toOuv t‘ 

Oprf.itimj I e.itures 
1 Auto Si. irtup, Shutdown ' 
Autom.ihr ('ulculutiofv' 
s A( ( t*p! ''.yOnuTKifid Inputs'^ 

•1 1 ffiftsmiltiil ot Stutus Indicators' 

h Autoprotection' 
t) f uuit f^c‘t('ction ' 

7 \ .Hilt IsolJtion' 

8 K.iil-Scife 

0 C'ew T irm? 


(k)al 

Per Doc No CSD-SS-012 

None (or e^sil' generated) 

0 to 1 (j plus launch conditions 

Netfded mtrequentiy and easily done 
(e g automatic, m situ calibration 
with auto zero and auto span) 

Continuous (versus batch) on-line 
no data gaps 

90 days 

None 

Nont‘ 

None 

In imrne(jiate vicinity of CO^ 
Rt‘duction Process 

Non noxious gases 
(joal 

Manually or electronically initiated 

Methane concentration 

Initiation of operating mode 
transitions 

Parameters measured operating 
mode and operating mode transition 
underway 

F^e)ect Ticorroct commands 

Dt‘tect monitor failures 

Display codes mtifying incorrect 
commands or component causing 
shutdown 

Automatic shutdown 
Less than 1 hour/month 


Projected Actual 
Per Dor No CSD SS-012 
None"* 

0 to 1 G plus ir jnch conditions 

Needed infrequently and performed 
by automatic in situ calibration with 
auto zero and auto span •* 

Continuous on-line no data gaps 

90 days 
None 
None 
None 

in imfTiediate vicinity of CO, 
Reduction Process 

None 

Prqj^cjed Actual __ 

Manually or electronically indicated 

Methane concentration 

Initiation ot operating mode 
transitions 

Parameters measured, operating 
mode and operating mode transition 
underway 

Reject incorrect commands 

Detects monitor failures 

Display codes identifying incorrect 
commands or component causing 
shutdown 

Automatic shutdown 
Less than 1 hour/month 


—continued 


(. 1 ) Tor in Situ calibration with 

(b) A benefit ot being microcompute'-;. ased 
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continued 
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Sut sensor:, respond sirT^iI.ely to H ,ind methane jnd tht» response to the totdl combined concentrdtion ot the twogdses 
it sirnult.ineously prest*nt sh( »ul(j t>e dpproxim«dely tht* sdrne dS th«» sum of the responses for the individudi gdses F igure 6 il 
lustr,ites tfu t <4lculdted rt»ldtivt» resjK^nst* of cdtdiytic elements to H methdne dnd other combustible gdses '‘ ‘The dctudi 
relative rrv.ponse of complete sensois (vimsus elemtmts dione) i^rill vdry somewhdt, in pdrt due to tht* effect of fidme ar 
restorsiindc onfigurdtionon tfu* diffusion chdrdcteristics of different gdses Tf’C sensor will respond to a Idrge vdrietyof com 
t>ustible gases Hc'wever it is belu'ved that metfidne and Ff, are the only ones likely to be potent, ally present at measurable 
( Dncentratioris in the sp.ic<*cr,itt <dmospfier<‘ 

It i:> pro)e( tr*d tfiid ar',y c fi.rngt's in tfie H response of the sensor elements with time will not occur at the same rate as 
cfKjnges in methane response as illustrated in f igurt* 7 Less demanding catalytic conditions are required for oxidation of 
at tfu* sensor be.id snifac e tfuei for methane, so catalyst changes that slowdown methane oxidation might r^ot affect H - ox- 
idation 1 fuMefortv c alibr«ition witfi F-l is not considered totally reliable for th;s methane sensing application Some form ot a 
m<*tri,iru» in air sourct* rTiust be used to ensure the sensor s response to methane remains in calibration Development of a 
melfi.mt* gt»ru»r*ition tecfinique for in situ calibration is reconrmended 

A rnetharu* rt»sponse curvt* was ot)taint*d foi sensor elements of the type considered for the T RMS (see in F :gure 8) L inear ity 
w.is very good T he largest dt*vuition from a U»ast squares straight line through the data points was 1 % of full scale (defsied 
as ‘V’o rTietfuine) 

My ( rMitrast solid state. rruMal oxide semiconductor (MOS) elements, considered among the alterriat ves are grossly 
nonlinear and ttu» calibr*dion cur ves for nuMhaneand F^l .are very different, although theseelementsare typically less costly 
and more s(‘ru,itive at lower U»vels of comt)ustit)le gas coricentration T ypically, such elements are not used for gas concen 
nation rmsi:,ur(‘ment b(‘c«iuse they are suitable primarily for go no go (versus analog) output only**’ Methane and 
Mrnultaneously pr(»st*nt in tfir* monitorr'd air compete at the sensor surface, resulting in a lower combined response than 
wotjU^ tie exfier t»»d liastsj on ttie responses for the individual gases Tvpical MOS sensors arr* humidity and temperature 
serv.itivi* «i id .ire considered U‘ss reluibU* 1 tie MOS serising eU*ments were not consider(»d to be a good choice for adding 
mettiane r,ensiruj c apatiility to ttie TMMS 


PROJECTED URETHANE SENSOR PERFORMANCE AS SENSOR 


A'. .1 (joal it ti.id t)«‘en desin*d tti.it ttie I f^MS) ret.iin ttie .itiility to pi‘rform as an H sensor following design adjustments T tiis 
would pt*rrnit moriitn»ing of If and nudti.mi* witti ori<» SvMisor if rtHidive n^sponses to the two gases were consistently the 
‘..mie (tti.M I!, relati*d to eac'ti ottier by a constant factor ) II so. only one gas(i e . in situ generated F-l .) would need to be used 
tor ( .ilitir.ition Ttiis section (jiscusses ttie projt'rtiHl impact of TF^FIS design adjustrTients on the ability of the prospective 
I to s»*nse 1 1 .ind on its rel.itive H /mettiaru* response' ctiaracti'ristics 

I tu‘ est.it;listie(j cti.irai tmistics and the' .iv.iilatiility of metti.mo test information enabled extrapolation of many H - sensing 
jiortofm.ifu e cti.uac lemstics T tii* b.ilanci' ot ttie projections were based on analysis and intuition The results and bases for 
tti( projt H tions are sumrnari/ed in T<ibl(‘ 10 T tiesi' projections indicate that the TRMS could provide the H . sensing per for - 
ni.eii e ritunfed to protect ? pact'i r.ift from the tia/ards of potential H > leaks but not as optimally as the TRHS 

H2 Sensing Ability 

I or :,onu' p.ir.imetms. sucti .is rr'sporise tinu' and draft sensitivity, the TRMS will potentially perform better than the TRHS as 
.iH sensor /I'ro drift was projoett'd to larger than for the TRHS. but only about 0 1% H^- per year, typical, well below the 
0 ' 1 1 al.irm tfiri'shold 

A 1 1 resjioni.e curve .is wi'll .is .1 nudharie response curve (F igure 8) was expennentally obtained for sensor elements 
similar to tfiost* ('onsKft'red for tiu' TRMS Th(» two curves are plotted together in F igure 9 The relative H;^./methane response 
ditti'rs from tti«' t .ilculatt'd ( F igure 13) T fiis was expected, because the dual flame arrestors used in the breadboard test seri- 
sor re.strict iliffusion of the larger lit'avier methane molecules more than the H^ molecule The flame arrestor area exposed 
to ttie sensing t*lerm?nts in ttie prospective TF^MS would be somewhat larger than m the breadboard test sensor, and the 
rel.itive responses could be closer The H , response is not as li.near as the methane response, but is satisfactory to indicate 
.ijipmxim.ite levels of H iH ttie .itmosptiere and can be lini'.iri/ed electronically The larges* deviation of the data points from 
.1 le.ist :,gu.if»*s lint' (dottt'd in F ujure 9) was of full scale The reduced linearity is possibly due to elevation of the 
f • deref u t ' In -.id tt'iiijn'r .iturt' tiy r t'actiori of ttu' very easily oxidi/ed H . at its surface The TRMS reference bead operates at a 
tiujtn'f ti'mrit'r.tti.rt' .irid is lt‘ss irit'rt tti.in the corresponding TRHS bead If so. the TRMS linearity for H^.ca^ potentially be im- 
nrovt'd Ant'O' Civt'ly tiu* only if ttu* sensor were used for H - alone, a linearizing circuit can be incorporated in the 
t'ks t onic::, 
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TABLE 10 PROJECTED EFFECTS OF DESIGN/OPERATING ADJUSTMENTS ON SENSING ABILITY 



Performance as FH Sensor 


f^irarruMer 

TRHS 

Perfo. mance 

TRMS 

Projection 

Bases for TRMS Projections 

R(.*producibi!.ty '**. % 
f ull Scale Display'^’' 

±2 

± 3 Max 

Scribing elemen* manufacturer indicated that lineari- 
ty specifications of British. Canadian and American 
Organizations (su h as Factory Mutual and Instru- 
ment Society America) are met. Canadian specifica- 
tion was consulted for projection 

Position Sensitivity 
(Radial and Axial Rotation) 
% ull Scale 



Discussions with sensing element manufacturer on 
their observations of position ser.sitivify 

In Air 

In OS®-. H 

<0 5 
<0 5 

3 Typical 
3 Typical 


Lin<»arity %Full Scale 

±2 

± 3 Max 

(See Reproducibility) 

Response T imt? (to 90% 
of Vejiue). sec 

<4 

2 

Faster diffusion of H^ to TRMS elements due to 8 2 X 
larger usable flame arrestor area than for TRHS but 
only 4 5 X larger sensor cavity volume to fill 

Recovery Tir'rie (to 90% 
of Value), sec 

4 

<3 

Same reasoning as for response time 

t-iasrHinr' Stability 




Zero Drift (in Air). 
% Full Scale/yr 

1 

5 Typical 

Typical level, based on discussions with sensing ele- 
ment manufacturer (Slightly higher than CH 4 perfor- 
mance projections^^* because expressed relative to 
2% H 2 (versus 2 5 % CH 4 )full scale ) 

Span Drift 

(Measured with 0 b% H 
Scirnpk*V Full Scale/30 days 

2 

2 

Discussion with sensing element manufacturer in- 
dicated that sensitivity is approximately constant 
over several years unless poisoning occurs There is 
no steady decrease Should be at least as good as or 
better than TRHS specification 

F^H Sensitivity (over the 
Range 2b 70°'o RH). % Full 

0 05 

No Inter- 
ference 

Sensing element manufacturer's specific “»tion 

Temp(?rature Sensitivity. 
Over Range 283-31 IK 
(60-100F ) % Full Scale/ 
K ( % F ull Scale/F ) 

0 05 
(0 03) 

0 1 1 Max 
(0 06) Max 

Sensing element manufacturer s specification 

Draft Sensitivity. % 
Increase In Displayed H;> 
Concentr<Mion at 7 6 m'rnin 
(25 ftmin) 

6 

3 

Faster diffusion of Hp to TRMS elements due to 8 2 X 
larger usable flame arrestor area than in TRHS. but 
only a 4 5 X larger cavity to fill Makes thickness of 
the laminar gas layer at the flame arrestor surface 
less critical for mass transport 


—continued 


(d) Considered S'lme as linearity 

(bj Hereafter, simply Fu'l Scale ^u\\ Scale is assumed to be 2% as for the TRHS. for comparison purposes 
(c^ Table 7 

(d) Change in sensor output, exclusive of zero shifts, due to sensitivity losses of the sensing element in clean at- 
mosphere 

(d) Only a maximum output change was specified for a 268-313 K (23-104 F) temperature range Output change was 
divided by temperature range to provide average sensitivity 
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Methane 


Least Sq. Line 


<a>Sensor Calibrated for methane 


Sample Gas Concentration, % 


FIGURE 9 RESPONSE OF ALTERNATE SENSOR ELEMENTS 
TO METHANE AND HYDROGEN 
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RECOMMENDATIONS 

1 c lil.ilytu l OfTUnjstion as ust»d in haselint* T f^HS as the si'nsing principle in the T hMS because it will pro 

vk 1(* th»* grt‘ati»st overall U»vel of pt»rformance and reliabilitv for rr.v'thane sensing 

? l')e^ :gn f,ibri( ate ,ind assemble a Tf^MS based on modification of the TRHS design to incorporate catalytic 
corTitujstior^ type t*lement^ tfiat are sensitive to t>otf’. mtMhane and H This shall include design fabrication and 
asst»'nt)ly of a modified T MMS fie»u1 a mtafMru* gas monitor and a ) upgraded HSC to be used as a Metfiant* Sensei 
( alit)f ator 

a Design and implenn*nt improverTients/additioru to tfie existiruj test stand to .‘valuate the TRMS This will include 
developrnefM Of ii draft sensitivity test apparatus, and irnprovt'd position s(»nsitivity and response/recovery time 
measufrsnent t»‘!,t fixtures 

A fVntorm progrtirn tt‘stmg nect»ssar y tot?v*iluatt' tfie pt rformanv'e of the TF^MS first, asa riietfiane sensor second as 
a H sensor and third witfi t>otfi gases prestmt This sfiall iru'lucJe testing for response/lint*arity response » riie and 
r«‘C('ivery time stiit^ility sensitivity to position rciativt' fiurnidity. tt»mperature and draft variations ability to m situ 
alibr.ite wtfi H arul at)ility to tUitomiitically compensate for b»ickground concentratiOfis of F-l .jnd methane gas 
during in situ i tilitnation (auto zeroing) 

!) 1 valu itr* wtiat poisons riujst t'lt' provideif for in tiigtit fi.irdwart* Then oevt*lop tfu» design modifications needed and 
t.itifu att‘ a TF^MS incorporiiting such ekMTients 

♦ ^ OHi t'ptually ir'.v* ‘stigatr altt*rnativt‘ methods for in situ c»ilit)ration of ttu' TRMS witf) nuMhane Dt»sign build and 

♦ 'valuatt .1 latviratory tireacflioard of ttu‘ most promising metfiod 

/ ()eM.,jn a microprcn t‘sso t)asr*d ('omt)iruHl MtMfiarie Gas Monitor /MrMfiant» Serisor Calibrator Tfie obiective is to 

dftifh* !fit si/f ct ttu* electronic for Cc)mt)ustit)U* g«is mcMfiant* and H mcirntoring when integratc'd into the 

Automated ( onl roller jt an \ C 'I SS sut)syst(*m 
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APPENDIX 1 

APPLICATION SPECIFICATIONS 


AM 
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TABLE AM METHANE MONITOR EC/LSS DESIGN CRITERIA'®* 

1 Space Station Module(s) Absolute Pressure^ psia 

Design (K)ir>t 
h H.ingt* 

c Control tolerance 

1 Nominal operational leveM 
Reduced operational level’' 

3 i mergency operatior.al level'**' 

d Quiescent oper<dion 

2 Oxygen Partial Pressure, psia 

a Parti.il pu*ssure tor norT^inal c,. ^rational level will be maintained within the control band 
stiown in \ iguf(‘ AM 

b During d(*compression and repressuri/ation the atmosphere pressure and composition 
control logn must maintain PQ within viable limits but no greater than 3 b3 psia 

( M»*du( tnJ and enu*rgency ofX'rational level v.ontrol bands are shown in F igure At -2 

3 Atmosphere Diluent 

a Cui > 

t) ^^^rtl.il pressurt' 

4 Carbon Dioxide Partial Pressure, mm Hg 

a Nomtn.il operational k‘vel cart)on dioxide partial pressure will be maintained below 3 0 mm 
Hg tor m.ixirnum mt?tabolic loads and R O =09 in all habitable areas 

b Rmtuci'd opm.itional U»vel 

c L mergency optn.itiona) level 

5 Trace Contaminants 

I isting of (^xpiH'teij space station trace contaminants, production rates and their maximum 
allowat)!e concentr.itions during nominal, reduced, and emergency operational levels 

6 Airborne Bacteria 

Airborru' t).icteri.i will b(' maintained below the level defined (microbes/tt^) 

7 Atmosphere Temperature and Humidity 

.1 Ti‘mperature. dry bulb terTiperature. Tpp F 

1 Nominal operational level 

(a) Flange 

(b) C.ipability lor selecting and maintaining Tp« at any value within the range shown 
sfiall be provided within each module at an absolute pressure of 14 7 psia 

tO Control tolerance on selected temperature 

(d) In the event of a single sensible heat exchanger failure. T^p shall be maintained 
betwe(*n tfv* range shown but selectability shall not be required 

(. 1 ) See Taf)le At 3 for definition of operational levels 

(b) pCO > level in shower will be maintained below 4 mm Hg 


14 7 

14 7 15 2 


±02 
± 1 0 

1 5 to ^ 2 0 
0 0 to 0 5 


Nitrogen 

Diluent 


30-12 

12-15 


Table AI-2 


100 


65-75 

±2 

—continued 
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Table A 1 • 1 — continued 


2 Reduced operational level 

(a) lower rarige bb - 6:«l 

(b) UpptM range 7 7 90 

A bmergency operational level 

(a) lower range 45 55 

(b) Upper range 90 -105 

4 Range during quiescent period 40 110 

t) Hurniility dew point tt-riipertMure T p, f 

1 Ni .nmal operational levt'l 46-5^ 

? I^educt'd opiM,dional levt*l 

(.i) I owe' 'angt' 32 ■ 46 

(b) Ut>per Mfuje 57 61 

3 Emergency operational level 

ta) lower r<inge 0 • 32 

(b) Upper range 61 65 


4 Atmosphere Tpp will be at ‘east 10 F lower than Tp^^ during nominal operational level 

5 Atmosphere relative humidity shall be greater than 5% for all operational levels 


8 Module Ventilation^ fprrv*' 

ii Nominal design point 25 

b Range 

1 Nominal optMational lev*'l 1 5 to 40 

2 Reduced operational level 

(a) Upper 40 to 100 

(b) Lower 10 to 15 

3 Lmergency operational level 

(a) Upper 100 to 200 

(b) Lower 5 to 10 


(cO Module ventilation rates apply to any free volume normally occupied by the crew in the performance of their routine 
duties Supplemental fans 
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TABLE A 1-2 MAXIMUM CONCENTRATION AND PRODUCTION RATE OF TRACE CONT,VMINANTS<®» 


Contaminant 



Production Rates 


Non 

Biological 

(gm/day) 

Biological' 

(gm/day) 

Total 

(gm/day) 

Maximum^’^ 

Allowable 

Concentration 

(mg/m’) 

Acetone 


10 20 

0 003 

10 20 

240 

Acetaldehyde 


2 50 

00012 

i! bC 

36 

Acetic Acid 


0 25 


0 25 

25 

Acetylene 


2 50 


2 50 

180 

Acetonitiile 


0 25 


0 25 

7 

Acrolein 


0 25 


0 25 

0 25 

Allyl Alcohol 


0 25 


0 25 

05 

Ammonia 


2 50 

60 

05 

35 

Amyl Acetate 


0 25 


0 25 

53 

Amyl Alcohol 


0 25 


0 25 

36 

Ben/ene 


2 50 


2 50 

8 

n tiutarie 


2 50 


2 50 

180 

iso-f^utane 


0 25 


0 25 

180 

Butene 1 


2 50 


2 50 

loU 

CIS Butene-2 


0 25 


0 25 

180 

trans-Butene-2 


2 50 


2 50 

100 

1 . 3 Butadiene 


2 50 


2 50 

220 

ISO Butylene 


0 25 


0 25 

180 

n Butyl Alcohol 


2 50 

0018 

2 52 

30 

ISO Butyl Alcohol 


0 25 


0 25 

30 

sec Butyl Alcohol 


0 25 


0 25 

30 

tort butyl Alcohol 


0 25 


0 25 

30 

Butyl Acetate 


0 25 


0 25 

71 

Hutraldehydes 


U25 


0 25 

70 

Butyric Acid 


0 25 


0 25 

14 

Carbon Disulfide 


0 25 


0 25 

6 

Carbon Monoxide 


2 50 

02 

2 7 

29 

Carbon T(»trachlonde 


0 25 


025 

65 

Carhonvl Sufide 


0 25 


0 25 

25 

( Uilonru* 


0 25 


0 25 

1 5 

Ctilorcacetone 


0 25 


0 25 

100 

("hloroben/ene 


0 25 


0 25 

35 

Chlorofluoromethano 


0 25 


0 25 

24 

Chloroform 


2 50 


2 50 

24 

Chloropropane 


0 25 


0 25 

84 

Caprvlic Acid 




0 25 

155 

Cumene 


0 25 


0 25 

25 

Cyclohexane 


2 50 


2 50 

100 

Cyclohexene 


0 25 


0 25 

100 

Cyclohexancl 


0 25 


0 25 

20 

Cyclopentane 


0 25 


0 25 

100 

Cyclopropane 


0 25 


0 25 

100 

Cyanamide 


0 25 


0 25 

45 


—continued 


(ii) This cipplies to nominal operational levels, reduced and emergency levels are TBD 
(b) For SIX crewmen 
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Table A1 2 — continued 


Production Rates 



Non 

Riologu ril 

Hiological**' 

Iota! 

MaKimum<^' 

Allowahle 

Ck>ncentration 

C'ontamin«int 

^ym/(jay) 

lamAjay) 

(gm/day) 

(mg/m *) 

1 )i*calin 

0 


0 OS 

S 0 

1 1 OimiMtiyl ('yrl()tu»Kanf» 

0 


OOS 

too 

trans 1 . Dim«Mtiyl 

0 


0 OS 

100 

C'yi lotu»K.ifu» 
()imi»ttiyl tuilane 

0 .’S 


0 OS 

93 

( )im»‘!tiyl Sultidi* 

0 .’S 


0 OS 

IS 

1 1 Du tilofoiMtune 

SO 


0 SO 

40 

1 ISO Mutyl Ketone 

0 .v> 


0 OS 

09 

1 4 l^ioxant* 

2 so 


0 SO 

38 

1 >imeltiyl f uran 

0 


0 OS 

3 0 

1 dimethyl 1 lyilra/ine 

0 .'S 


0 OS 

0 1 

t ttiane 

so 


0 so 

180 

1 thyl All (4iol 

so 

0(H^ 

0 f>0 

UK) 

1 lliyl Ai 1 ‘tate 

so 


0 so 

140 

1 thv* Ai -‘tylene 

0 :'s 


0 OS 

180 

1 Ihyl hen/t»ne 

0 .’S 


0 OS 

44 

1 tfiylisu* I >it filorult* 

0 :\s 


0 OS 

40 

1 thyl ( ttiei 

!>0 


0 so 

100 

1 ftiyl Mutyl 1 ttuM 

0 .V) 


0 OS 

000 

t ttily I orinate 

!>o 


0 so 

30 

t ttiyliMu* 

!>o 


0 so 

180 

1 tliyli'ne ( ilyi ol 

0 :’s 


0 OS 

1 14 

Pans t Mothyl .< [ ttiyl ( yi lotiex.ine 

0 


0 OS 

1 1 / 

t ttiyl Sulfsie 

0 


0 OS 

9/ 

1 ttiyl Misrapl.in 

0 


0 OS 

OS 

f M*('n 1 1 

/ so 


0 so 

S60 

t » *‘(in 1 

2 so 


0 so 

S(X) 

f M’on .’1 

0 OS 


0 OS 

400 

t reun 

0 OS 


0 Ou 

3S0 

1 fl*Ofl \ 

0 0!> 


0 0!) 

10 

1 nuui 1 1 < 

0 0!> 


0 OS 

roo 

1 reini 1 14 

0 fU) 


0 so 

/(HI 

1 reon 1 1 4 un;;ym 

0 0f> 


OOS 

/oo 

1 reon l.’h 

0 OS 


0 OS 

OS 

( oimaliletiyiti* 

0 OS 


0 0f> 

0 8 

f man 

0 OS 


0 OS 

3 

t nrtural 

0 OS 


0 OS 

o 

t lyduHji'n 

0 !>0 

0 3 

0 8 

01 s 

t lyi1fOij(*n ('tilofule 

0 OS 


0 OS 

0 IS 

t lydfOiji'n 1 luoruJe 

0 OS 


0 OS 

0 08 

I lydmgtMi Sulfide 

0 

0 OOOfi 

0 0(X)S 

1 S 

f ll*ptilfU» 

0 OS 


0 OS 

000 

Mt'xeru 1 

0 OS 


0 OS 

180 

n Hex. me 

0 so 


0 so 

180 

I lex.imettiyli yrlotnsilox.mtv'* 

0 OS 


0 OS 

040 


continuod 


(*i) vSiliconi' type sensor cal.ilyst 'Xiison 
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Table A 1*2 — continued 


PrcxJuction Rates 


Contaminant 

1' . : ' • 

b'<- oQical 
(gm'day) 

Biological" 

(gm/day) 

Total 

(gm/day) 

Maximum^^’ 

Allowable 

Concentration 

(mg/m^) 

Indole 

0 25 

06 

0 85 

126 

I sop re no 

C25 


025 

140 

Methylene Chloride 

2 50 


2 50 

21 

M(*thyl Acetate 

2 50 


2 50 

61 

Methyl 9'»tvrate 

025 


0 25 

30 

Methyl Chloride 

025 


025 

21 

2-MethyM Butene 

0 25 


0 25 

1430 

Methyl Chlcroforrr 

2 50 


2 50 

190 

Methyl F uran- 

0 25 


025 

3 

Mettiyl Ethyl Ketone 

2 50 


2 50 

59 

Methyl isobutyl Ketone 

0 25 


0.25 

41 

Methyl Isopropyl Ketone 

2 50 


2 50 

70 

Methyl Cvciohexane 

025 


0 23 

200 

Meihyl Acetylene 

0 25 


0 25 

•i65 

Me»fi/| Alcohol 

2 50 

006 

2 56 

26 

Vethyi Pentane 

0 25 


0 25 

295 

Methyl Methacrylate 

025 


025 

41 

Methan 

295 

36 

33 1 

1720 

Mesitylene 

025 


0.25 

2 5 

mono Methyl Hydrazine 

0 25 


025 

0035 

Methyl Mercaptan 

0 25 


025 

2 

Naphthalene 

0 25 


025 

50 

Nitric Oxide 

0 25 


025 

32 

Nitrogen Tetroxide 

0 25 


025 

18 

Nitrogen Dioxide 

0 25 


0 25 

09 

Nitrous Oxide 

025 


025 

47 

Octane 

025 


0.25 

235 

Propylene 

2 50 


2 50 

180 

iso-Pantane 

2 50 


2 50 

295 

n-Pentane 

2 50 


250 

295 

F^entene-1 

025 


0.25 

180 

Pentent-2 

025 


025 

180 

Propane 

2 50 


2.50 

180 

n-Propyl Acetate 

025 


0.25 

84 

n-Propyl Alochol 

2.50 


2 50 

75 

iso-Propyl Alcohol 

2 50 


2.50 

98 

n Propyl Benzene 

0.25 


025 

44 

ISO Propyl Chloride 

025 


025 

260 

iso-Propyl Ether 

025 


0.25 

120 

Proprionaldehyde 

0 25 


025 

30 

Propionic Acid 

025 


025 

15 

Propyl Mercaptan 



0.25 

82 

Propylene Aldehyde 

0.25 


0.25 

10 

FVruvic Acid 


2.27 

227 

09 

Phenoi 

025 

2.27 

252 

1.9 


—continued 
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Tabla A 1-2 — continued 


Production Rates 


Contaminant 

Non 

Biological 

Biologicah*' 

(gm/day) 

Total 

(gm/day) 

Maximum'*’* 

Allowable 

Concentration 

(mg/m*) 

Skatol 



0 25 

141 

Sulfur Dioxide 

0 25 


0 25 

08 

Styrene 

0 25 


0 25 

42 

T etrachloroethylene 

0 25 


0 25 

67 

Tetrafluoroethylene 

0 25 


0 25 

205 

Tetrahydroturane 

0 25 


0 25 

59 

Tolu(?ne 

2 50 


2 50 

75 

T richloroethylene 

0 


0 

(a) 

1 . 2. 4, Trimethyl Be/ene 

0 25 


0 25 

49 

1 , 1 . Thrimethyl cyclohexane 

0 25 


0 25 

140 

Valeraldehyde 



0 25 

70 

Valeric Acid 



0 25 

110 

Vinyl Cfiloridt* 

2 50 


2 50 

130 

Vinyl Mettiyl Lthf‘r 

0 25 


0 25 

60 

Vinyidene Chloride 

0 25 


0 25 

20 

O Xylene 

2 50 


2 50 

44 

m Xylene 

2 50 


2 50 

44 

p Xylen(» 

2 50 


2 50 

44 


—continued 


(ti) Not on Space Station 
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Table A 1-2 — continued 

Pertinent Chemical Synonyms for Table 5 

2 Butanone = Methyl ethy' Ketone 
Chloroditiuofomethane = Freon 22 
Cfotonaldehyde = propylene aldehyde 
Decahydronaphthalere = Decalin 

1 . 2 Dichloroethane = Ethylene chloride = Ethylene dichlonde 
Dichiorodiflucromethane = Freon 12 
Dichlorotiuoromethane = Freon 21 
Dichlorotet'atluorethane = Freon 114 
p Dioxane = 1 . 4 Oioxane 

2 Methyl butannne-:i - 3 Methyl 2 Butanone = Methyl isopropyl ketone 
Methoxy ethtine = Vinyl methyl ether 
Pmoene = Propylent' 

Propyne = P.opinr' e Methyl acetylen. 

FVntafluorotMli.ine = rfOon12h 
f^»'ChloroethyifMie = Tetrachloroethylene 
Trichlorotluoronu»thane = Freon 11 
T nctilorotritluoroethane = Freon 113 
Tnlluoromethane = F‘uoroform = Freon 23 
1 . 3. h 1 rimethyl hen/ent' “ mesitylene 
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TABLE A 1 -3 FC/LSS OPERATION LEVELS<«> 

1 T fu' I Ci[ SS sfmll hdvt> throt^ levels Dominal. reduced arid emergency 

\ Nominal o|HMatK>nal level is defined as the level of performance for which the system was designed 

t> f^iHiuced otxMatKvial level is defined as a level of fK^rformance lower than that for which the system was designed, but 

adtiquate f^^r ptnsimnel safety 

c i mtegency optMatKin U>vel is defined as a level of performance sufficient only for personnel survival 
c Relational level arnl action lime after failure or maintenance event shall be as cited in Table A1 4 

d I or S(>ace Station peramet*M(s) under K'/l SS control, control tolerances will be within the staU>d operational level limits 
1 ransif'nt devMtior) of a parameter iH'yond the statml o^>e rational level limits will be allowed to accommodate fault detec 
tjon instrumtMitiit'tvi toUvanci's l^t'viation of a parameter tM^yond its specified optMational limits and which exceeds the 
fault iletiH'tion in!;tru»nentation tolerances will require the implementation of an alter nate**'means to return the parameter 
to an acct'ptiihit' operatiorul levr»l 


(at An .liter ntite nuMns for pt»r forming .i Sf)ace Station function mav b** (a) an indept^ndent subsystem, (b) additional 

tHluipnuMit within a sutisystr'm (c) .i contingency capability of the equipment which is not failed by the same media as 
tri<» pi'in.iry i .ipat^ility or (d) .i pl.inned contingericy procedure 
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TABLE A1-4 OPERATIONAL LEVEL AND ACTION TIME AFTER FAILURE OR MAINTENANCE EVENT^®> 

Resulting 

Operational 

Event Description Levels Action Time 


The following events will not immediate'y lead to 
operation at reduced or emergency levels 

a Failure of any single component 
b A subsystem inactive for maintenance 
c A subsystem inactive due to isolation of the volume 
containing the subsystem 

The following events will not lead to operation at 
emergency levels 

a Any combination cl a failure of a single component 
in the prime subsystem and a failure in the backup 
equipment 

b Any combination of a subsystem inactive for 

maintenance and a failure iri the backup equipment 
c Any combination of a subsystem inactive due to 
isolation of the volume conta.ning the subsystem 
and a failure in the redundant subsystem 

The following events may result in an immediate 
emergency situation '**’ 

Any combination of inactivity of both the prime and 
redundant subsystems due to failure, scheduled 
maintenance, or isolation of a volume and a failure or 
depletion of expendables in the backup equipment 


Nominal System will have sufficient redundancy 

or capability to permit an eight hour 
delay before initiating repair action 


Reduced Crew will immediately initiate repair 

activities 


Emergency Crew will immediately initiate 

emergency procedures including repair 
activities If repair is not possible, 
functions will be maintained at reduced 
operation level for 1 4 days using 
emergency expendables 


(a) An emergency situation is operation in a degraded mode such that a subsequent failure may result In loss of crew 
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FIGURE A1 -1 CABIN pOj CONTROL BAND vs CABIN TOTAL PRESSURE 
FOR NOMINAL OPERATIONAL LEVEL<» 
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ORiotfMAL p,.'c:r rs 
OF POOR QUALITY 



AI-12 


FIGURE A1 -2 CABIN pOj CONTROL BANDS vs CABIN TOTAL PRESSURE 
FOR NOMINAL, REDUCED AND EMERGENCY OPERATIONAL LIMITS® 
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APPENDIX 2 

MONITOR PERFORMANCE CHARACTERISTICS 


f igure No Title Page 


A.' 1 TRHS Linearity and Reproducibility A2-2 

A2-2 TRHS Axial Position Sensitivity in Air A2-3 

A2-3 TRHS Axial Position Sensitivity in 0 5% H> A2-4 

A2-4 TRHS Radial Position Sensitivity A2-5 

A2 b TRHS Response and Recovery Times A2-6 

A2-6 TRf^S Zero Stability A2-7 

A2-7 TRHS Span Calibration Stability (PP-1 Sensor) .A2-8 

A2-8 TRHS Span Calibration Stability (PP-2 Sensor) A2-9 

A2 9 TRHS Span Stability (Sensor S/N-04) During Variable Humidity 

and Temperature Cor*ditions A2*10 

A:* 10 TRHS Relative Humidity Sensitivity A2-H 

A2 11 TRHS Temperature Sensitivity A2-12 

A2 12 Piojected TRHS Draft Sensitivity A2-13 
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Sample Hydrogen Concentration. % 


FIGURE A2-1 TRHS LINEARITY AND REPRODUCIBILITY 






Clockwise Rotation 0, deg 
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FIGURE A2-2 TPH3 AXIAL POSITION SENSITIVITY IN AIR 
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Clockwise Rotatiof'. G deg 


Channels 1. : 
(PP 1 TRHS) 


Clockwise Rotation 0. r^Kj 

FIGURE A2-3 TRHS AXIAL POSITION SENSITIVITY IN 0.5% H 







Displayed Hp Concentration. % 
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O In Air Atmosphere 
% In 0.5% H 2 AtrTX>6^)here 


Glockwlae Rotation 0. deg 


Clockwise Rotation 0, rad 

FIGURE A2 4 TRHS RADIAL POSITION SENSITIVITY 









Step Exposure to Ambient Air 
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FIGURE A2-5 TRHS RESPONSE AND RECOVERY TIMES 
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FIGURE A2-6 TRHS ZERO STABILITY 
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FIGURE A2-7 TRHS SPAN CALIBRATION STABILITY (PP-1 SENSOR) 
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FIGURE A2-8 TRHS SPAN CALIBRATION STABIUTY (PP-2 SENSOR) 
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FIGURE A2-9 TRHS SPAN STABILITY (SENSOR S-'N-OA '• ) DUPING VARIABLE HUMIDITY 

AND TEMPERATURE CONDITIONS 
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Temperature. F 


0.05% Full Scale/K(0.03% Full Scale/F) 
Temperature Sensitivity Slope 


Temperature. K 


FIGURE A2-r TRHS TEMPERATURE SENSITIVITY 











Displayed H 2 Concentration. % 
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FIGURE A2-12 PROJECTED TRHS DRAFT SENSITIVITY 
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